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Converter circuit with two converter elements 

5 

DESCRIPTION 

Technical field 

10 The invention relates to the field of power 
electronics, and in particular to a converter circuit 
as claimed in the precharacterizing clause of the 
independent claim . 

15 Prior art 

High-power voltage converter circuits are used in many 
applications nowadays. A converter circuit such as this 
has two converter elements, for example, for this 

2 0 purpose, with each converter element having a DC 

voltage circuit which is formed by a capacitor. 
Furthermore, each converter element has power 
semiconductor switches which are normally connected in 
such a manner that two switching voltage levels, 
25 specifically the positive intermediate circuit voltage 
and the negative intermediate circuit voltage, can be 
connected to the converter element phases of the 
associated converter element. Each converter element 
normally has three converter element phases, with one 

3 0 converter; element phase of the first converter element 

in each case being connected to in each case one 
converter element phase of the second converter 
element. The conventional three-phase converter circuit 
mentioned above is illustrated in Figure la. As can be 
35 seen from Figure la, a three-phase transformer is also 
provided, with the secondary windings of the 
transformer being connected to the connected converter 
element phases of the first and second converter 
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element. In this case, in the converter circuit that is 
shown in Figure la, a first connection of each 
secondary winding is in each case connected to in each 
case one connection of two converter element phases. 
5 The respective second connections of the secondary- 
windings are connected to a conventional star circuit. 
The primary winding are likewise connected to a 
conventional star circuit, as shown in Figure la. For 
operation of the converter circuit, an inductance is 

10 provided in each converter element phase of the first 
and second converter elements, and is used to produce a 
phase voltage (which is sinusoidal in the widest sense) 
of the associated converter element phase of the 
respective converter element. Furthermore, the 

15 semiconductor switches of the first and second 
converter elements are controlled for operation of the 
converter circuit by switching signals at a 
predetermined switching frequency, with the switching 
signals of the first converter element being phase- 

20 shifted through 180° with respect to the switching 
signals for the second converter element. Figure lb 
shows a typical time profile of the output currents of 
the converter circuit as shown in Figure la, for 
example on the primary side of the transformer. 

25 Furthermore, Figure Ic shows a frequency spectrum of an 
output current such as this as shown in Figure lb. In 
addition, Figure Id shows a typical time profile of the 
output voltages of the converter circuit as shown in 
Figure la, for example on the primary side of the 

30 transformer. Finally, Figure le shows a frequency 
spectrum of an output voltage such as this, as shown in 
Figure Id. 

Further conventional converter circuits are disclosed 
35 in US 6,233,996 Bl, in EP 0 440 988 Al and in 
EP 0 584 660 A2 . 
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A conventional converter circuit as shovm in Figure la 
is subject to the problem that the circuitry, that is 
to say the fact that in each case one connection of 
each secondary winding is connected to in each case one 
5 connection of two converter element phases, results in 
a very large amplitude component relating to the 
switching frequency and its odd-numbered multiples, 
both in the output currents as shown in Figure lb and 
Figure Ic and in the output voltages as shown in 

10 Figure Id and Figure le, during operation of the 
converter circuit as shown in Figure la. These large 
amplitude components are very highly undesirable, for 
example, when the converter circuit is connected by 
means of a transformer to an electrical supply network. 

15 A filter capacitor is in each case admittedly provided, 
is connected to the first connection of each secondary 
winding, forms a resonant circuit together with the 
inductance of each phase of the first and second 
converter elements and makes it possible to achieve a 

20 partial reduction in the amplitude component relating 
to the switching frequency both in the output currents 
and in the output voltages. However, in order to 
achieve a certain advantageous reduction in the 
amplitude component relating to the switching frequency 

25 in the output currents and in the output voltages, 
filter capacitors such as these and the inductances 
must be designed to have large capacitance and 
inductance values, respectively, and thus have a large 
physical size and are heavy, thus requiring a 

3 0 correspondingly large amount of space so that they are 
thus, overall, very expensive. In addition, the design 
of the converter circuit and the relevant maintenance 
of the converter circuit are made more complicated by 
such large inductances and filter capacitors, thus 

35 incurring additional costs. 
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Description of the invention 

The object of the invention is therefore to specify a 
converter circuit in which virtually no amplitude 
5 components relating to the switching frequency of the 
converter circuit occur during its operation in the 
output currents of the converter circuit and in the 
output voltages of the converter circuit- This object 
is achieved by the features of claim 1. Advantageous 
10 developments of the invention are specified in the 
dependent c 1 a ims , 

The converter circuit according to the invention has a 
first and a second converter element, with each 

15 converter element having a DC voltage circuit and in 
each case one converter element phase of the first 
converter element being connected to a respective 
converter element phase of the second converter 
element- Furthermore, the converter circuit according 

20 to the invention has a transformer, with the secondary 
windings of the transformer being connected to the 
connected converter element phases of the first and 
second converter elements. Furthermore, one secondary 
winding in each case is connected in series in each 

2 5 connection of one converter element phase of the first 
converter element to one converter element phase of the 
second converter element. According to the invention, 
each secondary winding is formed by two winding 
elements connected in series with one another, with the 

30 junction point of the two winding elements forming a 
neutral -point connection. Furthermore, two filter 
capacitors which are connected in series with one 
another are in each case connected in parallel with 
each secondary winding. This respective connection of a 

35 secondary winding which is formed by the winding 
elements advantageously results in a major reduction in 
amplitude components relating to the switching 
frequency of the converter circuit during its operation 
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in output currents and in output voltages of the 
converter circuit, so that these amplitude components 
virtually do not occur in comparison to conventional 
converter circuits. Furthermore, amplitude components 
5 relating to odd-numbered multiples of the switching 
frequency can advantageously be likewise greatly 
reduced by the respective connection of the secondary 
winding, so that these amplitude components are also 
very largely suppressed. An electrical supply network 

10 which is normally connected to the converter circuit 
via the transformer is thus advantageously not 
significantly or only extremely lowly loaded by 
amplitude components relating to the switching 
frequency and its odd-numbered multiples. Furthermore, 

15 one of the winding elements of one secondary winding 
together with one of the associated filter capacitors 
in each case forms a resonant circuit, which is 
advantageously used to further reduce the amplitude 
components relating to the switching frequency and its 

2 0 odd-numbered multiples in output currents and in output 
voltages of the converter circuit. This allows the. 
overall availability of the converter circuit to be 
significantly increased . 

25 Furthermore, an energy storage device is specified 
having a first and a second voltage source, in which 
the converter circuit according to the invention is 
provided, and the DC voltage circuit of the first 
converter element in this case is connected to the 

30 first voltage source, and the DC voltage circuit of the 
second converter element is connected to the second 
voltage source. In addition to the advantages which 
have already been mentioned for the converter circuit 
according to the invention, the energy storage device 

35 allows a particularly simple and space- saving design to 
be created by the use of the converter circuit 
according to the invention. 
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Furthermore, a drive system having a first and a second 
drive converter is specified, which are connected to a 
rotating electrical machine and in which the converter 
circuit according to the invention is provided. In this 
5 case, the DC voltage circuit of the first converter 
element is connected to the first drive converter, and 
the DC voltage circuit of the second converter element 
is connected to the second drive converter- In addition 
to the advantages which have already been mentioned for 
10 the converter circuit according to the invention, a 
drive system such as this also allows a particularly 
simple and space-saving design to be created by the use 
of the converter circuit according to the invention. 

15 Furthermore, a converter system having a first and a 
second load converter for feeding an electrical load is 
specified, in which the converter circuit according to 
the invention is provided, and the DC voltage circuit 
of the first converter element is in this case 

20 connected to the first^ load converter, and the DC 
voltage circuit of the second converter element is 
connected to the second load converter. In addition to 
the advantages which have already been mentioned for 
the converter circuit according to the invention, a 

25 converter system such as this also allows a 
particularly simple and space-saving design to be 
created by the use of the converter circuit according 
to the invention. 

3 0 These and other objects, advantages and features of the 
present invention will become evident from the 
following detailed description of preferred embodiments 
of the invention and in conjunction with the drawing. 

3 5 Brief description of the drawings 



In the figures: 
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shows a conventional embodiment of a 
converter circuit. 



Figure lb 



shows a typical time profile of the 
output currents from the converter 
circuit as shown in Figure la on the 
primary side of the transformer. 



10 



Figure Ic 



shows a typical frequency spectrum of an 
output current as shown in Figure Id, 



15 



Figure Id 



shows a typical time profile of the 
output voltages of the converter circuit 
as shown in Figure la on the primary 
side of the transformer. 



Figure le 



shows a typical frequency spectrum of an 
output voltage as shown in Figure Id, 



20 



Figure 2a 



shows a first embodiment of a converter 
circuit according to the invention, 



25 



Figure 2b 



shows a time profile of the output 
currents of the converter circuit as 
shown in Figure 2a on the primary side 
of the transformer. 



30 



35 



Figure 2c 



Figure 2d 



Figure 2e 



shows a frequency spectrum of an output 
current as shown in Figure 2b, 

shows a time profile of the output 
voltages of the converter circuit as 
shown in Figure 2a on the primary side 
of the transformer, 

shows a frequency spectrum of an output 
voltage as shown in Figure 2d, 
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shows a second embodiment 
converter circuit according 
invention. 



of the 
to the 



5 Figure 4 



shows a third embodiment of the 
converter circuit according to the 
invention. 



10 



Figure 5 



shows one embodiment of an energy 
storage device according to the 
invention. 



15 



Figure 6 



Figure 7 



shows one embodiment of a drive system 
according to the invention, and 

shows one embodiment of a converter 
system according to the invention. 



The reference symbols used in the drawing and their 
20 meanings are listed in summarized form in the list of 
reference symbols. In principle, identical parts are 
provided with the same reference symbols in the 
figures- The described embodiments represent examples 
of the subject matter of the invention, and have no 
25 restrictive effect. 



Approaches to implementation o£ the invention 

Figure 2a shows a first embodiment of a converter 
30 circuit according to the invention. The converter 
circuit comprises a first and a second converter 
element 1, 2, with each converter element 1, 2 having a 
DC voltage circuit 3. As shown in Figure 2a, each 
converter element 1, 2 is designed to switch two 
35 switching voltage levels, specifically the positive DC 
voltage and the negative DC voltage of the associated 
DC voltage circuit 3. Then, as shown in Figure 2a, each 
DC voltage circuit 3 has a capacitor. However, it is 
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also feasible for each converter element 1, 2 to be 
designed in general for switching n switching voltage 
levels, where n ^ 2 and where the associated DC voltage 
circuit 3 is then appropriately designed- As shown in 
5 Figure 2a, one converter element phase ul, vl, wl of 
the first converter element 1 is in each case connected 
to one converter element phase u2 , v2, w2 of the second 
converter element 2, Furthermore, a transformer 4 is 
provided, with the secondary windings 6 of the 

10 transformer 4 being connected to the connected 
converter element phases ul, vl, wl, u2 , v2 , w2 of the 
first and second converter elements 1, 2. As shown in 
Figure 2a, a secondary winding 6 is in each case 
connected in series in each connection of one converter 

15 element phase ul, vl, wl of the first converter element 
1 to one converter element phase u2 , v2 , w2 of the 
second converter element 2 . The semiconductor switches 
in the first and second converter elements 1, 2 are 
driven for operation of the converter circuit by 

20 switching signals at a predetermined switching 
frequency, with the switching signals of the first 
converter element 1 being phase -shifted through 18 0^ 
with respect to the switching signals of the second 
converter element 1, and with the switching frequency 

25 being, for example, 5 kHz. In this context. Figure 2b 
shows the time profile of the output currents of the 
converter circuit according to the invention as shown 
in Figure 2a on the primary side of the transformer 4. 
Furthermore Figure 2c shows a frequency spectrum of an 

30 output current as shown in Figure 2b. In addition, 
Figure 2d shows a time profile of the output voltages 
of the converter circuit as shown in Figure 2a on the 
primary side of the transformer 4. Finally, Figure 2e 
shows a frequency spectrum of an output voltage as 

35 shown in Figure 2d. The respective series connection of 
a secondary winding 6 in each connection of one 
converter element phase ul, vl, wl of the first 
converter element 1 to one converter element phase u2. 
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v2, w2 of the second converter element 2 advantageously 
results, as shown in Figure 2b to Figure 2e, in a major 
reduction in the amplitude components relating to the 
switching frecjuency of the converter circuit during its 
5 operation in output currents and in output voltages of 
the converter circuit. In comparison to the initially 
mentioned typical time profile of the output currents 
as shown in Figure lb for the converter circuit 
according to the prior art, as shown in Figure la with 

10 the associated frequency spectrum as shown in Figure Ic 
and with the typical time profile of the output 
voltages as shown in Figure Id, that has already been 
mentioned, for the converter circuit according to the 
prior art as shown in Figure la with the associated 

15 frequency spectrum as shown in Figure le, this 
reduction of amplitude components relating to the 
switching frequency is particularly clearly evident, 
that is to say these amplitude components do not occur 
in comparison to a conventional converter circuit as 

20 shown in Figure la. Furthermore, amplitude components 
relating to odd-numbered multiples of the switching 
frequency caused by the respective connection of a 
secondary winding 6 can likewise advantageously be 
greatly reduced, so that these amplitude components are 

25 also very largely suppressed. This is likewise very 
clearly shown by the comparison of Figure lb to 
Figure le with Figure 2b to Figure 2e. An electrical 
supply network which is normally connected to the 
converter circuit via the transformer 4 is thus 

30 advantageously not significantly loaded, or is only 
extremely lowly loaded, by amplitude components 
relating to the switching frequency and its odd- 
numbered multiples, 

3 5 An inductance 7 is preferably connected in series 
between each converter element phase ul, vl, wl, u2 , 
v2 , w2 and the secondary winding 6 for one of the 
converter elements 1, 2. As shown in Figure 2a, it may. 
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however, also be advantageous for reason of symmetry 
for an inductance 7 to be connected in series between 
each converter element phase ul, vl, wl, u2 , v2, w2 and 
the secondary winding 6 for both ccinverter elements 1, 
5 2. The respective inductance 7 is advantageously used 
to produce a phase voltage, which is sinusoidal in the 
widest sense, for the associated converter element 
phase ul, vl, wl, u2 , v2 , w2 of the respective 
converter element 1, 2. 

10 

In Figure 2a, a phase isolating switch 9 is also 
provided on each converter element phase ul, vl, wl, 
u2 , v2 , w2 , and is advantageously used for 
disconnection of the associated converter element 1, 2, 

15 for example in the event of a fault in the associated 
converter element 1, 2, or for maintenance purposes on 
it- Furthermore, in the case of the first embodiment of 
the converter circuit according to the invention as 
shown in Figure 2a, a filter capacitor 8 is connected 

20 in parallel with each secondary winding 6. The 
respective filter capacitor 8 together with the 
respective secondary winding 6 and in particular with 
the inductance 7 forms a . resonant circuit, which 
preferably has a low-pass filter characteristic, with 

25 the capacitance of the filter capacitor 8 preferably 
being designed such that the resonant circuit has a 
corner frequency at essentially 2/3 of the switching 
frequency. In the case of the 5 kHz switching frequency 
which has already been mentioned above by way of 

30 example, this would result in the resonant circuit 
having a corner frequency in the region of 3 kHz. The 
resonant circuit produced in this way is advantageously 
used to further reduce the amplitude components 
relating to the switching frequency and its odd- 

35 numbered multiples in the output currents and then 
output voltages of the converter circuit. The high 
corner frequency, which is closer to the switching 
frequency than in the case of the initially already 
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mentioned known resonant circuits, allows the 
respective filter capacitor 8 and in particular the 
respective inductance 7 furthermore to be designed to 
have low capacitance and inductance values, 
5 respectively, in comparison to the initially mentioned 
resonant circuit. This small design thus also 
advantageously reduces the physical size and the weight 
of the respective filter capacitor 8 and in particular 
of the respective inductance 7, and advantageously 

10 requires correspondingly less space. Furthermore, the 
design of the converter circuit is simplified as is the 
maintenance which may be required for the converter 
circuit as a result of such small inductances 7 and 
filter capacitors 8, thus making it possible to save 

15 further costs. 

Figure 3 illustrates a second embodiment of the 
converter circuit according to the invention. In 
contrast to the embodiment of the converter circuit 

2 0 according to the invention as shown in Figure 2a, each 
secondary winding 6 is in this case formed by two 
winding elements which are connected to one another in 
series, with the junction point of the two winding 
elements forming a neutral -point connection 16. 

25 Furthermore, in Figure 3, a connecting switch 10 is 
provided in order to connect the neutral -point 
connections 16 to one another. If, by of example, a 
fault now occurs in the first converter element 1, or 
it needs to be serviced, then each phase isolating 

30 switch 9 for the respective converter element phase ul , 
vl, wl of the first converter element 1 is opened, in 
order to disconnect the first converter element 1. 
Furthermore, the connecting switch 10 is closed, so 
that the converter circuit can advantageously still be 

35 operated with the second converter element 2, even when 
the first converter element 1 is disconnected. The 
availability of the converter circuit can thus be 
greatly increased overall. 
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Figure 4 shows a third embodiment of the converter 
circuit according to the invention. In contrast to the 
embodiment of the converter circuit according to the 
5 invention as shown in Figure 3, two filter capacitors 8 
which are connected in series with one another are in 
this case each connected in parallel with each 
secondary winding 6, with the junction point of the two 
winding elements preferably being connected to the 

10 junction point of the two filter capacitors 8, that is 
to say the junction point of the two filter capacitors 
8 is connected to the neutral -point connection 16. One 
of the winding elements of one secondary winding 6 
together with one of the associated filter capacitors 8 

15 and in particular with the inductance 7 in each case 
advantageously forms a resonant circuit, which is 
advantageously used to further reduce the amplitude 
components relating to the switching frequency and its 
odd-numbered multiples in output currents and in output 

20 voltages of the converter circuit. The high corner 
frequency of this resonant circuit allows the 
respective filter capacitor 8 and in particular the 
respective inductance 7 to be designed to be small in 
comparison to the initially mentioned resonant circuit. 

2 5 This small design thus advantageously also reduces the 
physical size and the weight of the respective filter 
capacitor 8 and the respective inductance 7, so that 
they advantageously require correspondingly less space. 
Furthermore, the design of the converter circuit is 

30 simplified, as is the possibly required maintenance of 
the converter circuit by such small inductances 7 and 
filter capacitors 8, thus making it possible to save 
further costs. 

35 Furthermore, a connecting switch 10 for connection of 
the neutral -point connections 16 to one another is also 
provided in the embodiment shown in Figure 4 . As in the 
case of the embodiment shown in Figure 3a, in the case 
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of the embodiment shown in Figure 4 , in the event of a 
fault or for maintenance purposes for example on the 
first converter element 1, this can be disconnected by- 
opening a respective phase isolating switch 9 for the 
5 respective converter element phase ul, vl, wl of the 
first converter element 1, and the converter circuit 
can still be operated by closing the connecting switch 
10, using the second converter element 2. In this case, 
one of the winding elements of the secondary winding 6 

10 is then used to achieve the major reduction (as already 
explained in detail for the embodiment of the converter 
circuit according to the invention as shown in 
Figure 2a) of amplitude components relating to the 
switching frequency of the converter circuit during its 

15 operation in output currents and in output voltages. 
With regard to the embodiment shown in Figure 4, during 
the continued operation of the converter circuit using, 
for example, the second converter element 2, as has 
already been mentioned above with reference to 

2 0 Figure 3, one of the winding elements of one secondary- 
winding 6 and in particular the inductance 7 of the 
associated converter element phase u2 , v2 , w2 of the 
second converter element 2 is in each case used 
together with one of the associated filter capacitors 8 

25 to form a resonant circuit, which is advantageously- 
used to further reduce the amplitude components 
relating to the switching frequency and its odd- 
numbered multiples in output currents and in output 
voltages of the converter circuit. The availability of 

30 the converter circuit can thus also be greatly 
increased overall with this embodiment as shown in 
Figure 4 . 

It has been found to be particularly advantageous for 
35 the converter circuit according to the invention, which 
has been described in detail above with reference to 
the embodiments shown in Figure 2a, Figure 3 and 
Figure 4 , to be used in an energy storage device with a 
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first and a second voltage source 11, 12. Figure 5 
shows one embodiment of an energy storage device 
according to the invention such as this, in which the 
DC voltage circuit 3 of the first converter element 1 
5 is connected to the first voltage source 11, and the DC 
voltage circuit 3 of the second converter element 2 is 
connected to the second voltage source 12 , In addition 
to the advantages which have already been mentioned for 
the converter circuit according to the invention, the 
10 energy storage device according to the invention can be 
designed to be particularly simple, with a space-saving 
design, by the use of the converter circuit according 
to the invention. 

15 Furthermore, it has been found to be advantageous for 
the converter circuit according to the invention, which 
has been described in detail above with reference to 
the embodiments shown in Figure 2a, Figure 3 and 
Figure 4, to be used in a drive system with a first and 

20 a second drive converter 13, 14. Figure 6 shows one 
embodiment of a drive system according to the invention 
such as this. In this case, the first and the second 
drive converters 13, 14 are connected to a rotating 
electrical machine 15, in the manner shown in Figure 5. 

25 Furthermore, the DC voltage circuit 3 of the first 
converter element 1 is connected to the first drive 
converter 13, and the DC voltage circuit 3 of the 
second converter element 2 is connected to the second 
drive converter 14 . In addition to the advantages which 

3 0 have already been mentioned for the converter circuit 
according to the invention, a drive system such as this 
can also be designed to be particularly simple, with a 
space -saving design, by the use of the converter 
circuit according to the invention. 

35 

Furthermore, it has been found to be advantageous for 
the converter circuit according to the invention, which 
has been described in detail above with reference to 
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the embodiments shown in Figure 2a, Figure 3 and 
Figure 4 , to be used in a converter system having a 
first and a second load converter 17, 18 for feeding an 
electrical load 19. Figure 7 shows one embodiment of a 
5 general converter system according to the invention 
such as this. In this case, the DC voltage circuit 3 of 
the first converter element 1 is connected to the first 
load converter 17, and the DC voltage circuit 3 of the 
second converter element 2 is connected to the second 

10 load converter 18. As can be seen from Figure 7, an 
electrical load 19 is connected to the first load 
converter 17, and a further electrical load 19 is 
connected to the second load converter 18. However, it 
is also feasible for the first load converter 17 and 

15 the second load converter 18 to be connected to a 
single, common electrical load 19. As an alternative to 
this, it is likewise feasible for each load converter 
17, 18 each to be connected to a large number of 
electrical loads 19, and the first and the second load 

20 converter 17, 18 are then connected to one another, in 
particular via some of the electrical loads 19. In 
addition to the advantages which have already been 
mentioned for the converter circuit according to the 
invention, a converter system such as this can also be 

25 designed to be particularly simple, with a space-saving 
design, by the use of the converter circuit according 
to the invention. 
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List of reference symbols 

1 first converter element 

2 second converter element 

3 DC voltage circuit 

4 transf omer 

5 primary winding 

6 second winding 

7 inductance 

8 filter capacitor 

9 phase isolating switch 

10 connecting switch 

11 first voltage source 

12 second voltage source 

13 first drive converter 

14 second drive converter 

15 rotating electrical machine 

16 neutral -point connection 

17 first load converter 

18 second load converter 

19 electrical load 



